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Summary 

AKUMUGAM, BT & Gepoes, MC. (1987) Feeding und growth of golden perch larvae and fry (Morquarsa 
ambigua Richardson), Yrs. R. Soc. § Aust. V11(1), 59-65, 29 May, 1987. 

Golden perch Jarvae were stocked into an earthen pond ahd grew exponentially from a mean standard 
length 4.5 mm (dry weighe 0.160ng) to a mean of 31 mm (165 ow) in 46 days from 12 November until 
28 December, 9X4, The growth coefficients were 0.04 mm mim-' day! for lengil and 0.15 me mg-! day! 
for weight, The manth gape was related to Iength. At Ulyst teed the type and size of prey was restricted 
by poor swimming and pursuit abilities and smal! mouth gape, Larvae and try geearer than 1) mor standard 
length were able to pursue a wide range of zooplanklers but feeding was limiled by mouth gape, The daily 
food consumprion of larvae and fry increased from 33 to 5600 wg dry weight per day. Because of the relatively 
4mall size of golden perch larvae at first feed, survival is dependent upon a high density of appropriate 
sized zooplankters. 

Key Worots; Fish, larvac, Ity, Macguaria emibigua, feeding, growth, mouth gape. 

Tniroduction 

The golden perch (Macquarta ambigua 

Richardson) belongs to the Percichthyidae, a group 
ot fishes which includes both freshwater and marine 
representatives, Mf, ambigua occurs throughout the 
Murray-Darling system excepr.at higher altitudes, 
in the Lake Eyre and Bulloo-Bancannia drainage 
systems and the Dawson-Fitzroy River system in 
eastern Quecnsland (Lake 1971; MacDonald 1978; 
Llewellyn & MacDonald 1980; Merrick & Schmida 
1984). These references cite the occurrence of M. 
embigue in coastal streams in northern New South 
Wiles, but there are no self-maintaining populations 
in these drainages (Rowland pers, comm.). 

Little is known about the biology and ecology 
of golden perch larvae and fry in the natural 
environment. An upstream spawning migration 1s 
tnitiated. by water level rises at the onset of major 
floods (Reynolds 1983), The semi-buoyant cegs are 
probably carried downstream by the flood waters 
with the larvae hatching and drifting in the water, 
before entering shallow floadplain areas and 
<billabongs", which probably act as nursery grounds 
(cl. Lake 1967a; Rowland 1983; Rowland pery. 
coinm.). These Floodplain areas receive nutrients 
and allochthonous materials that promote increases 
in plankton and other organisms essential for 
survival of (he larvae and fry (cf. Shiel 1980; Maher 
1984; Briges ef a/, 1985), In many areas dams and 
weirs have blocked spawning migrations, lowered 
water temperatures by discharging colder water 
from the deeper water layers of dams and reduced 
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flooding which is necessary to induce spawning and 
provide suitable conditions for the pelagic eges and 
space and planktonic toad for the young tish (Lake 

197); Reynolds 1976; Cadwallader 1978; Pollard e¢ 
al. 1980; A.R.LE.R. 1983). 

Much of the available information on golden 
perch larvae and fry comes from research into 
spawning and larval rearing carried out at the In- 
land Fishcries Research Station (LF.R.S,}, Narran- 
dera (Lake 1967a, b; Rowland 1983, L9&6a, br 
Rowland ef ei, 1983), Golden perch are induced to 
Spawn using humal chorionic gonadotrophin and 
the larvae are reared in earthen ponds trom first 
feed until they are aboul 25 to 30 mmm standard 
length, usually a period of 25 to 35 days, Lake 
(1967b) observed that the stomach contents of lar- 
vae at first feed consisted of cladocerans, copepods 
and phytoplankton. 

The present study was conducted at the I,F.R,S. 
The main objectives of chis study were to describe 
the growth characteristics of the golden perch lar- 
vac jn rearing ponds, to investigate the behaviour 
and ecology of the larvae and fry in relation to feed- 
ing, and to measure daily food consumption of the 
different size larvae and fry, The description of 
growth involved the determination of length-weight 
relationships and the estimation of the growth rate 
of golden perch in a rearing pond, Particular em- 
phasis was placed on the relationship berween 
length and mouth gane, as mouth gape determines 
the size of prey that wan be taken (Shirota 1970), 
This information, In conjunction with that on feed- 
ing behaviour and daily food consumptian will pra- 
vide useful guidelines to the conditions required far 
survival and growth i golden perch larvae. 
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Methods und Materials 

Growth Characteristics 

Larvae and try were caught froin a rearing pond 
ar LER.S. over a period of 46 days trom 42 
Novernber-28 December, 1984, They were killed 

with an overdase of soda water, standard and rotal 
lengths were measured, wet Weights were determined 
and then they were dried in an oven fer 24 hours 
at 40°C, and dry weights measured. To establish the 
power relationships between weight and length, 
Jinear fegressions were performed on the log 
transformed data of both lengths and weights 
(Hagenal & 8Tesch 1978). For the total length- 
standard leneth and dry weighi-wel weight 
relationships, regressions were performed an 
untranstormed data. The gruwih rates of the larvae 
and fry in the pond were analysed hy establishing 
standard length-time and dry weight-time 
relationships, An exponential model gave The best 
fit und so both standard length and dry weigh! 
méusuremenis were log transformed. Mouth gape 
and standard length were measured for about 450) 
specimens collected during 1983 and 1984 and 
preserved with forinalin. 8The mouth gape was 
measured as the external distance bel ween the two 
corners of te mouth when shut. The regression of 
mouth gape and standard length was perlormed 
witherut transformation. 

Behaviour 

Observatiuns ow feeding and cercitoriality were 
tmade on fry from first feed to abour 30 mm 
sandard lenotl) either alone in 250 ml capacity 
beakers or in groups of 10-15 in 70 | aquaria, The 
larvae were ted with brine shrimp (Artemia), using 
(he nauplil for ybe smaller larvae and adults for the 
larcer larvae and fry. Zooplankters and chironomid 
larvae were occasionally fed to the larvae and fry. 
Cover was provided im the form of a 30-40 mm 
length of opaque, plastic tubing with 2.5 mm 
infernal diameter for the smaller larvae and a fl 70 
mm length of tube with imernal diameter of 3,0 mm 
lor the larger fry (25-30 mm). One cover was 
provided for the fry held singly and che number of 
covers was ahout two-thitds the number of fry for 
Lie group surdy, The study was carried our at 
1) 24°C under daylight condijions, 

Daily foud consumption 

The daily food consumption of u fish, estimated 
as the number of food items supplied over 24 hours 
minus the nurnber ol ems remaining (cf Gophen 
1980), Was estimated for size classes of 4.5 (= first 
feed), 10, 20 add 30 mm standard length, Treshly 
hatched brine shrimp nauptii (length: 400-600 ym) 
were used as food except for che 30 mim fry where 

Daphnia carinata (enyth: 100-2320 pm) were used 
because of {he enormous number of 6rine shrimp 
nauplii that would have been required. The leeding 
regime involved sinall numbers of food items being 
fed to the larvae and (ry al a time, rhe next feed 
being given when only a few food items remained. 
Three to six feeds were required over the 24-hour 
period. Por the feeding trials, five different 
individuals of . particular size were placed 
simultaneously in separate beakers which received 
circulating filtered pond water at 20-22°C. Phe fry 
were no} slurved prior to commencement of feeding 
trials and a tuhe was provided as 4 réluge for the 
fry. 8Uhe daily food consumplion was expressed as 
nuunber of ems and as pe dry weight consumed 
per day, Dry weights of brine shrimp nauplil and 
Daphnia were obtained from weighing a known 
number of oven-dried specimens al 60°C and 
obtaining the weight per individual brine shrimp 
nauplius (2.55 yg) or Daphnia (20 we). 

Results 

Larvae al first feed were 4.4-4.6 mm standard 
length (mean 4,5 mm) (total length - 4.5-4.7 min: 
mean 4,6 mm) with a dry weight of 0.14-0,18 me 
(mean 0,16 mo} (wet weight = 0.47-0,53 mg; mean 
0.52 meg). Their mouth gape at first Teed was @.5 
mm, After 46 days in the rearing pond, they reached 
30-31.6 mm (mean 30,6 mm) standard length with 
a dry weight of 154-195 ma (mean 165 meg) (wel 
weight 4 667-743 mg; mean 69L meg), The 
regression equations deserihing Jength-weieh| 
relationships, che relationship between length and 
mouth gape and the growth rate of Try and their 
correlation coefficients are given in Table t. The 
correlation coefficients ol all pairs of relationships 
are highly significant. In the length weight 
talationships, regression coefficients (- slopes) 
ranged from 3,29-3,72 and for this range growth 
is cousidered allometric (cf, Bagenal & Tesch 1978). 
The standard length of the fry was directly 
Proportional to the total length and dey weight was 
linearly related to wet weight, The exponential 
growth in beth srandard Tength and dry weight are 

shown in Fig. f. The growth ovefficients for 
standard Length and dry weight were 0.04 mm/mm 
day and 0.55 rag/my day tespectively (Table 1), The 
mouth gape of the try was directly proportional to 
their standard length with a slope of 0.13 (Fie, 2), 
The larvae at First Teed swam [reely in the water 

column. They exhibited an innate feeding behaviour 
of dacting forward and gulping even when no food 
particles. were present, Aller two to Ultree days of 
fecding,, larvae could follow and capture brine 
shrimp nauplii. efficiency in capturing Mota was 
lower, When the golden perch were 10 min aud 
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TABLE |. Regression equations, intercepts (a), slopes (b).and correlation coefficients (r) for weight-length, standard 
length-iolal length, wet weight-dry weight, mouth gape-standard length, dry weight-time and length-time relationships 
in golden perch. (NW = number of data pairs; CL = 95% Contidence Interval; P>0.01; DW = dry weight (mg); 
WW = wet weight (mg); SL = standard length (mm); TL. = total length (mm); MG - mouth gape (mm); T = 

time (days); ¬ <= exponential), 

Y x N Equation a b t 
(+/- 95% CL) 

DW SL 29 Y =a 7.5 x 10-4 3,61 O.997*#+ 
(0.10) 

DW TL 29 Y =a Xb Lt x» 10 4 3,29 0.998%" 
(0,08) 

Www SL 29 ¥Y =a Xb 2,9 x 10-3 3.72 U,9ugrr" 
(0.18) 

Www TL 29 ¥=ake 3.8 x 10-3 3.39 0.995*"* 
(0.13) 

WwW DW 29 Y=a+dxX 7.98 4.09 0.996*** 
(0.14) 

SL TL 29 Y-a+bxX 0,78 0.79 0.999% ** 
(0,01) 

MG SL 415 Y=ai+bxX 0.23 0.13 0.984*+* 
(0.10) 

DW T 9 Y = a cbs 0.22 O15 0.99) *** 
(0.10) 

SL T 9 Y=ae 4,81 0.04 0,992+** 
(0.0046) 

not have cover stayed in the water colurnn or at the 
304 1 bottom of the container away from <defined= 

lerritories. When food supply was low, the fry in 
covers were healthier and had more convex bellies 

van than fry without cover, and with continued low food 
= Pa availability mortalities occurred first in fry without 
= 2 e cover. Larvae and [ry of 10 mm and greater could 
5 53 pursue cladocerans and copepods with ease but the 
2 = size of prey engulfed was limited by their mouth 
8 f = gape. They altacked very laree Daphnia but released 
a them as they were too big ta swallow. (ndividuals 

inf } , could slowly engulf a chironomid larva width-wise 
? until the whole larva was swallowed. 

The larvae at first feed, ate 7-21 brine shrimp 
ia 4 5 ell -s nauplii per day (mean 13), 10 mm larvae ate 240-251 

Fy 25 
-Number of Days Number of Days 

Fig. |. The growth in length and weight of golden perch 
larvae and fry from release into the pond on 12 
November until harvest on 28 December 1984, The 
points represent mean values from 3 to § fish on each 
sample date. 

greater, they preferred cover when kept alone or in 
groups and exhibited territoriality. They stayed 
inside their tube, with part of their head up to the 
eye level protruding, coming out to feed or lo chase 
other larvae or fry away, When disturbed, they 
would temporarily retreat inside the tube. When a 
larger tube was provided, two to three fry sometimes 
shared it. In group experiments those fry that did 

nauplii (mean 247), while 20 mm fry ate 790-1631 
nauplii per day (mean 1110). The 30 mm fry ate 
141-423 Daphnia per day (mean 280). The daily 
food consumption of larvae and fry ranged from 
33-5600 pe dry weight per day and was directly 
proportional to the standard length of the fish 
(r 0,899), (p< 0.05%) (Fig. 3). There was a large 
individual variation in daily food consumption as 
indicated by the spread of the points on the graph, 

Discussion 

Size at first feed is a critical feature of the biology 
of larval fish but there is only limited information 
osthe size at first feed of Australian freshwater fish 
(Table 2). It is clear that golden perch, along with 
two other large Australian freshwater fish that lay 
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Mouth Gape (mm) 

(0 20 30 ao 50 60 
Fish Standard Length (mm) 

Tig. 2. The relationship between standard length and 
mouth gape for golden perch larvae and fry from first 
feed to 50 mim standard length. 

small pelagic eggs, silver perch (Bidyanus bidyanus) 
and silver barramundi (Lates calcarifer), possess 
larvae that aré particularly small at the time of first 
feed. By comparison the larvae of fish such as 
Murray cod (Maccullochella peeli) and freshwater 
callish (Jandanus tandanus) that lay demersal eggs 
are up to three times longer than M. ambigua larvae, 

while those of buccal incubating saratoga 
(Scleropages feichardti) and fork tailed catfish 
(Arius graeffei) are up to seven times longer than 

golden perch larvae at first. feed. The small size of 
the golden perch larvae presents problems for 
feeding and survival similar to those faced by the 

10000 

8000 

6000 

40m . 

200 
Daily Consumption (yg) doy!) 

30 40 20 
Fish Length (mm} 

Fig. 3. The daily food consumption (pg dry wt day -!) of 
golden perch larvae and fry held in the laboratory and 
fed brine shrimp nauplii or Daphnia. 

larvae of marine fishes during the <critical period= 
of larval mortality (May 1974), Another percicthyid 
that breeds in fresh water, the North American 

striped bass Merone saxatilis, has larvae that are 
only 3.1 mm at hatching and 6-7 mm at the time 
of first feed and face survival and [eeding problems 
similar to those of golden perch (Doroshav 1970). 

The allometric growth form of the fry indicates 
that golden perch change their body form as they 
grow. This is consistent with the observation that 
golden perch fry acquire adult features very early 

in their development from when the fry are about 
11 mm total length (Llewellyn & MacDonald 1980), 

TABLE 2, Total length (TL in nmi), size of mouth gape (MG in mm) at first feed and initial food ttems. af the larvae 
of some Australian Jishes. 

small copepods/cladaccrans 
(<500 microns), algac. 
mainly small] Moina/ Daphnia 

chironomid larvae, 

Food. items References 

Lake (1967b), 
Rowland (1986a) 
This study 

Lake (1967h) 
Daphnia, copepods 

mainly filarnentous algae/ Lake (1967b) 
phytoplankton 
mainly filamentous algae/rotifvers 

plankton 

microcrustaceans, insect 

Arumugam (unpubl) 

Lake (1967b) 

Rimmer (1985) 
larvae, filamentous algae 

Species TI. MG 

Macquaria ambigua 5.5 4 

4,7-4,9 0,5 

Maccullockella peeli 12 4 

Bidyanus bidvanus 5.5 _4 

4.6-5.4 0.4 

Tandanus landanus 13 _ 

Arius grae/fet 50-59 _ 

Seleropages leicherdti 35 = 

Lates calcartfer 3.5-4.5 _ 

Cyprinus carpio 6.4 0.55 

Perea fluviatilis 
_ algae, ciliates 

rotifers/algue 

smal! cladocerans/copepods 

= Lake (1971) 
4 Moore (1982) 

M. Mackinnon 
(pers, cornm,) 

B. Pierce (pers. commi,) 

= Lake (1967b) 
Guma'a (1978b) 

rotifers, cyclopoid nauplii 
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Data from I.E R.S. shows that metamorphosis from 

the larva to the fry stage is completed when fish 
ure about [5-18 mm, 20-29 days atter spawning 
(Rowland pers. comm.). 

The growth curves. for both length and weight of 
the golden perch in the present study were best 
described by an exponential relationship with time. 
The exponential curve also fitted both length-fime 
and weight-time regressions for the first growth 
§tanza ota wild population of Perca fluviatilis fry 
(Guma8a 1978b) but other workers have found that 
while growth by weight might he exponential, length 

inereases linearly, Thus Swanson & Ward (1985) 
found that the best fit for total length-time 
Tepressioiy curve for walleye (Stizostedion vitreum 
vitrenin) was achieved with untransformed data and 
A.R.LE-R. (1983) assumed linear Jength-time rela- 
Lonships for common carp (Cyprinus carpio), 
goldfish (Carassius aurarus) and redfin. However 
in these studies, the sampling intervals were so far 
apart, especially in the earlier larval phase, thal any 
possible exponential relationship during the early 
growth phase would have been obscured. The 
exponential rate of growth of golden perch larvae 
and fry (0,15 mg mg! day -!) can be compared to 
the growth rate of fish fry and juveniles, expressed 
as Yo increase in weight per day, reviewed by Brett 

(1979). Growih cules varied from less than 1% to 

Dophnia 

Lhe 
Boeckella 

th { 

" Mona 

Simm 
fish 1Omm fish 
4 en 

MOUTH GAPE OF FISH 

20 mm fish 30mm fish 

as high as 23% tor small (5 mm) Cyprinodon 
macularis, Most figures for various fish under good 
conditions were between 1 and 5%. The value of 
13'% for golden perch in the present study represents 
relatively a high rate of exponential grawth. This 
is not surprising as the golden perch were very small 
and were in a pond that was fertilized and managed 
to promote maximum survival and growth. 

The mouth gape of the larvae at first feed is 
important because it determines the size of food 
items {hat can be taken during this critical period. 
Shirota (1970) showed that mouth size of marine 

fish larvac at first feed ranged from.200 to 1000 um 
and that the range of prey was related 10 mouth size. 
In many fish, the size of prey eaten has been shown 

to change with growth and the associated increase 
in mouth gape (Shelbourne 1962; Einsele 1965; 
Shirota (970; Wong & Ward 1972; Siefert 1972; 
Guma'a 1978a; Townsend 1983). Therefore 

comparisons between the mouth Bapes of different 
length golden perch larvae and fry and the array 
of common. zooplankters in the rearing ponds will 
indicate the food items that can be taken by 
different sized fish (Fig..4), The larvae at first feed 
are smaller than large Daphnia curinata and 
chironomid larvae. Their mouth gapes are similar 

to or larger than the smallest Daphnia, small 
Mojna, copepodites, cyclopoids, copepod nauplii 

chironomid 

cyclopoid 
golden perch larva 

rotifers "s 
Fig. 4. Relative sizes-of the development stages of some common zooplankiers and insect larvae in the fry rearing 

pond, golden perch larva at first feed, and the mouth papes ol golden perch larvae and fry of different standard lengths. 
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and rotifers, making them all potential prey. The 
potential prey size jicreases asthe try grow. At 30 

mm standard lengh, the mouth gape of golden 
perch is similar to of larger than the lareest Duphniae 
available in the plankton. 

The observations on fecding bebaviour suggest 
thal goklen perch farvae at first Feed would have 
a telatively poor capture efficiency, For striped bass 
at firse feed the estimared strike efficiency on 
Ariemia nauplii was only about 2% (Miller 1977 
in Setzler er al. 1980), More mobile zooplankters 
would be less prone tn being captured. Cladocerans 
are more sluggish and miore conspicuous than other 
xooplankters such as copepods and would be more 
prone to. being eaten by the larvae (Zaret 1980). The 
feeding efficiency of the golden perch larvae 
improved very rapidly and after 2 ta 3 days they 
were able to follow slow-moving brine shrimp 
nauplii and capture them with ease. At 10mm, they 
were agile and last enough © allack any 
cladncerans, copepods, ar chironomid larvae, Being 
a faster swimmer with good escape responses (Zarer 
1972) would not be an elective stralegy for a prey 
at this stage. The specd and agility of che [ry meant 
Uial once they Visually sighted their prey, capture 
was inevilable, In Fact, zooplankton that are faster 

swimmers and cover a preater distance (eg, 
copepods) may become more prone tu being 
predated because the prebability of encountering 
the fish would be greater (Townsend 1983), 

Although there was a high correlation between 
daily food consumption and standard length of the 
ry, variability of datly food consumption for the 
larger fry was high, Fry used in feeding trials were 
individuals recently caught from the pond and so 
different growth histories and different levels of 
sallauon may have contributed to high variability 
(Fuliow & Persson 1978), Also, rhe larger [ry were 
easily disturbed and this may have affected feeding. 
Considering thal the food intake increayed as a 
linear Function of size and that growth of golden 
pereh in the pond was caponential with lime, the 
daily food consumption would also inerease 
exponentially with time. Thus the intensity of 
predation by the fry on the zooplankten 

hopulations Would increase slowly at first but at 

later stages it would increase rapidly and migtt 
produce @ sudden impact on the zooplankton 
community. 

The information on feeding behaviour, growth 
and the mouth gape, fighlight (he difficulties faced 
by golden perch larvae and Fry, Survival and grewth 
requires an environmeat with a high densiry of 
appropriate sized food su that larvae with limited 
feeding ability and mouth gape can predate 
successfully. Mouth gape increases only slowly 
during the first weeks and so the range of 
zooplankters available to the fry will be limited for 
some lime und high densities of small {<1 mim) 
zooplankters will be necessary for high survival and 
growth rates, These requirements are met at the 
LER.S. wheré ponds aré Flooded just prior to the 
release of fish fry and the early stages of 

zooplankton succession are dominated by rotifers, 
small cladocerans (especially Maina) and copepod 

nauplii (Arumugam & Geddes 1986), In the wild, 
the same conditions may be provided an recently 
inundated floodplain areas where zooplankton 
communities are in early successional srages. Lf so, 
then the possession of pelagic eggs and the timing 
of breeding to coincide with rising water levels may 
allow golden perch larvae to be dispersed over 
recently inundaled floodplains. where they find 
conditions that are suitable fur their development. 
The availability of cover for the {ry in these areas 
may also affect the grawth and survival, 
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